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The excellent separations obtained in thin回 layerchromatography (TLC) can hardly 
be reproduced by any other analytical method. Thus，quantitative TLC to estimate al 
classes of lipid and preparative TLC in combination with various kinds of analyses 
have been divised and proved to be of great importance. Quantitative analyses of 
lipids separated by TLC have been achieved by direct evaluation on the layer or by 
the estimation after elution from the adsorbent'-7). Eluting lipid compounds in the 
spots of the thin-layer plate is time聞 consumingtechnique，nevertheless is the indispen-
sable method to perform further the exact analysis on intact lipids. 
But，in the course of our study，quite low recoveries of polar lipids from thin-layer 
plate were obtained with some inadequate eluent such as chloroform幽 methanol，2/1，v/v. 
In addition，the potential interference of lipid extraction by binding agent in silica gel 
was also shown. So，an investigation was initiated to determine the elutive conditions 
for the complete recovery of intact lipids from silica gel after TLC. The present paper 
provides data concerning the method for quantitative elution from TLC with various 
solvent systems. 
MATERIALS 
，41/2 H 20containing 13% CaSU，The adsorbent used for TLC was Silica Gel G1. 
and Silica Gel H，containing no binder (Merck，AG Darmstadt，Germany). 2. Reagent 
grade solvents were used. 3. Authentic compounds. Reference lipid compounds of the 
highest purity were used for recovery studies. Pure cholesterol ester，triglyceride，free 
fatty acid，and cholesterol were obtained from rat liver. Phosphatidyl choline，phos同 
phatidyl ethanolamine，and lyso・phosphatidylcholine were prepared from egg yolk by 
the method of Lea et a18). Sphingomyelin was prepared from goat brain through 
partial purification on a silicic acid and aluminum oxide column according to the pro-
cedure described by Ansell and Spanner9). In every instance those compounds were 
subjected to TLC and were found to give only one spot. 4. Labelled fatty acid. 
Palmitate-1-14C (45.3 mC/mmole) was obtained from Daiichi Pure Chemicals. 
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METHODS 
Solutions containing Application of samples. 1. Thin-layer chromatography. 1. 
50 to 450μg of lipids in chloroform were applied as a narrow band (1.5 cm long) at the 
origin with a microsyringe. Quantitative analyses were performed on the suitable 
a1iquots of the lipid sample. 2. The development procedure of TLC was as previous-
ly describedIO，I). 3. Detection of spots. Lipid components were visualised by spray-
ing with Rhodamine 6G，0.03% in methanol. 4. Removal of spots. The silica ge1 in 
stained zones on the plate was scrapped with the aid of a sharp-edged spatula on to a 
piece of gloss weighing paper，crushed and suspended with 10 ml of appropriate solvent. 
The lipids were extracted by three successive centrifugation at 2，000 rpm for 10 
min and the extract freed from adsorbent at each stage. The combined solvent layers 
were taken to dryness in vacuo and quantitative determinations were carried out. The 
same extraction procedure was performed on silica gel from blank portions of each 
chromatogram. 5. Analytical methods. Phospholipid phosphorus was determined by 
and )，cholesterol and its esters by the method of Zak-Henli3)，the method of Bartlete2
glycerol content of triglycerides by the method of dichromate(4). 6. Radioactivity 
measurements were made with a Beckman liquid scintillation counter LS-100. 
RESULTS 
In preliminary experiments the recoveries of 14C-labelled palmitate from the silica 
gel were investigated. Fig. 1 shows recoveries of 1.0μmole of palmitate from 0.5 g of 
silica with different volume of diethyl ether. Although low recovery was showed with 
12.5ml of ether，perceptible differences were not observed between the recoveries ob-
tained with ether volume over 37.5 ml. Fig. 2 further illustrate the same extraction 
procedure with 25 ml of ether carried out on palmitate ranging from 0.6 to 3.0μmoles. 
Those results indicate that the recovery of lipids is determined not only by elution 
power of the solvent but also by the ratio of the volume of e1uent to the amount of 
sample applied. The recoveries were higher with samples in larger quantities. 
The recovery tests of 200μg of simple lipids were performed with 50 ml of hexane， 
diethyl ether，and chloroform-methanol，1/1，v/v. The values for average recovery are 
Diethyl ether as eluent was able to extract 85.0 to 97.0% of simple 1. given in Table 
lipid. But more excellent results were obtained with chloroform-methanol，1/1，v/v. 
The recoveries of total phospholipids employing various solvent mixtures can be seen 
in Table 2. The results are means from four experiments. Although methanoP) or lN 
HCl in methanoll5) had been recommended for the purpose of elution，we were not 
able to obtain complete recovery of the phospholipids. Chloroform-methanol，2/1，v/v 
was also tried with much lower recovery. The highest recovery was obtained when 
chloroform-methanol-acetic acid glacial-water，25/10/3/2，v/v/v/vIO) was used. The re-
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One μmole of 14C-palmitate was extracted 
from 0.5 g of silica gel with diethyl ether. 
The volume of diethyl ether varied from 
12.5 to 50.0 ml. Results are means of four 
different experiments. 
Fig. 1. Recovery of 14C・ palmitatefrom the 
si1 ica with different volume of di-
ethyl ether. 
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PALMITATE APPLIED (}J mofe) 
14C-palmitate，from 0.6 to 3.0μmole， was ex・ 
tracted from 0.5 g of silica with 25 ml of 
diethyl ether. Results are mean values of 
three different experiments. 
Fig. 2. Recovery of the different amount of 
14C-palmitate from the silica with 
diethyl ether. 
Table 1. Recoveries of simple lipids from the silica (%) * 
Eluents*ネ Class of Lipid*** 
(50 ml) ChE. TG. FFA. Ch. 
Hexane 51. 6 13.1 7.4 16.9 
Diethyl ether 85.0 97.0 85.3 85.8 
Chloroform/methanol 
1/1， v/v. 100.2 101. 0 107.0 100.9 
* Mean values of four different experiments. 
** Fifty ml of each solvent or solvent mixture was used to extract 200μg of each lipid class. 
*** Abbreviations ChE.=cholesterol ester; TG.=triglyceride; FF A. =free fatty acid; Ch.= 
1. cholestero
covery of phospholipid from silica gel G was lower than that from silica gel H. Repeated 
recovery analyses of individual phosphatides were achieved by the procedure described 
above and the recovery in each experiment was as high as shown in Table 3. Much 
strong power of the solvent was required to extract the polar phospholi pids such as 
lyso・ phosphatidy lcholine. Satisfactory recovery も vas accomplished for all classes of 
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Table 2. Recoveries of total phospholipid (%)* 
Amount of phospholipid applied (μg) Eluents** 
(50 ml) 150 300 450 
Chloroform/ methanol， 
1/1，v/v. 
68.9 
(50.8) *** 75.3 77.2 
Methanol. 81.5 (67.6) 84;0 86.3 
1.lN-HCl in methano 
Chloroform/methanol 
/AcOH/water，25/10/3/2， 
v/v/v/v. 
91.0 
(71.5) 
100.。 
(91.0) 
94.2 
100.2 
98.5 
101.7 
* Mean values of four different experiments. 
* Fifty ml of each so1vent or solvent mixture was used in each extraction. 
*** Number in parenthesis indicates the recovery per cent of phospholipid from silica gel G. 
Table 3. Recoveries of phospholipids from the silica (%) * 
Class of Phospholipid*** Eluents** 
Ptd-E. Ptd-C. SPM.(50 ml) Ly(8s 705(425μg) (624μg) (265μg) ・pμtgd)"c. 
Chloroform/methanol， 
1/1，v/v. 41.1 55.9 38.9 19.4 
1.Methano 78.3 80.3 65.4 58.1 
1.HC1 in methano・lN 89.4 89.1 89.8 88.2 
Chloroform/methanol 
/AcOH/water，25/10/3/2， 100.1 100.9 100.6 100.3 
v/v/v/v. 
* Mean values of four different experiments. 
* Fifty ml of each solvent or solvent mixture was used in each experiment. 
ホ** Abbreviations Ptd占 .=phosphatidylethanolamine; Ptd-C.=phosphatidyl choline; SPM.= 
sphingomyelin; Lyso-ptd・c.=lyso・phosphatidylcholine. 
phosphatides when they were extracted with ch1oroform-methano1-acetic acid glacia1， 
25/10/3/2，v/v/v/v. Those recovery studies indicate that the presence of acid in the 
e1uent is necessary for the comp1ete recovery of phosphatides. The fina1 remova1 of 
acetic acid from 1ipid，in this case， iseffected by adding a small vo1ume of carbon 
tetrach10ride to the samp1e solution. 
DISCUSSION 
The principa1 advantage of quantitative elution of 1ipids separated by TLC is to 
allow the ana1ysis of intact 1ipids. But close attention must be payed in each step to 
obtain good recovery of 1ipid from TLC. 
The technique of app1ying the samp1e and scrapping off the spots must strict1y . be
quantitative. The extract may be freed from adsorbent either by centrifugation or 
fi1tration with glass co1umn. But，as the glass filters are di伍 cult to clean in contrast 
to centrifuge tubes，it is preferab1e to use repeated centrifugation to recover high1y 
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purified and intact lipids. E1uting 1ipids from the si1ica ge1 of the thin-1ayer p1ate has， 
however，been a prob1em and the recovery achieved by current methods of 1ipid e1u-
tion from thin-1ayer p1ate is sometimes irregu1ar and sometimes quite 1ow. The e1utive 
effects of the solvents can be tested by app1ying spots of the 1ipid compounds onto the 
adsorbent 1ayer and trying to develop them with that solvent. The suitab1e solvent 
for extraction shou1d migrate the spots to the solvent front. Our experiments， how-
ever，showed that much po1ar e1uents shou1d be chosen to obtain comp1ete recovery. 
The solvents used for si1icic acid co1umn chromatography has a1so been employed as 
eluents of TLC but the recoveries were insu伍 cient. That is chiefly because the sample 
amount in TLC is very small when compared with the samp1e applied to co1umn 
chromatography. Those experiments indicate that methano1 and acetic acid is neces-
sary to the complete elution of simp1e 1ipids and phosphatides respective1y. Excellent 
results were obtained，as described in this paper， when ch1oroform-methano1， 1/1，v/v 
to the extraction of simp1e 1ipids and ch1oroform-methano1-acetic acid glacia1-water， 
25/10/3/2，v/v/v/v for phospho1ipids extraction were used. 
SUMMARY 
method for the quantitative elution of lipids after TLC was described. A 1) 
2) Solvents have been eva1uated under a variety of conditions as eluents for in-
dividua1 pure 1ipid compounds on si1ica gel p1ates. Of all the solvent investigated， 
chloroform-methano1， 1/1， v/v for simp1e 1ipids and ch1oroform圃 methano1-acetic acid 
glacia1-water，25/10/3/2，v/v/v/v for phosphatides gave a comp1ete recovery in practice. 
3) The recoveries of lipids from adsorbent are determined not only by the e1uting 
effect and vo1ume of the solvent，but a1so by the samp1e amount app1ied or the amount 
of adsorbent to be extracted. 
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